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CRYOGENIC INSTRUMENTATION OF AN SSC MAGNET TEST STAND 

K. McGuire, J. Strait, M. Kuchnir, and A. Mclnturff 
Fermi National Accelerator Laboratory 
Batavia, Illinois 

ABSTRACT 

This paper describes the system used to acquire cryogenic data for the testing of SSC 
magnets at the Fermilab Magnet Test Facility. An array of pressure transducers, resistance 
thermometers, vapor pressure thermometers, and signal conditioning circuits are used. Read- 
ings with time resolution appropriate for quench recording are obtained with a waveform 
digitizer and steady-state measurements are obtained with higher accuracy using a digital 
voltmeter. The waveform digitizer is clocked at a 400 Hz namplig rate and these readings 
are stored in local ring buffers. The system is modular and can be expanded to add more 
channels. The software for tbe acquisition, control, logging, and display of cryogenic data con- 
sist of two programs wbicb run (~8 separate tasks. These program (M well bs a third program 
which acquires quench and magnetic data) communicate and pan data using shared global 
resources. The acquired data are available for snalysie via a nationwide DE&eta network. 

INTRODUCTION 

Fermilab ia collaborating with Brookhaven National Laboratory, Lawrence Berkeley Lab+ 
rstory, and the SSC Central Design Group on developing, building, and ksting superconduct- 
ing msgnets’*z for the proposed Superconducting Supercollider (SSC)3. Quench and magnetic 
field teats’*” on these magnets are performed by the Fermilab Magnet Test Facility. Temper- 
ature and pressure muvlurementa are necessary to cbarscterise the thermodynamic state of 
the helium coolant. The temperature of the magnet coil must be known to an accuracy better 
than 50 mK to understand both the quench performance and the magnetic field quality data. 
Temperstuns and prestonen are measured dynamically during quenches to locate the quench 
origin longitudinally and to understand st- on tbe magnet and cry-tat. 

Figure 1 rhows a flow ecbematic of the test stand and the locations of the sensing devices. 
Liquid helium enkm the supply end box (feed can) in the ‘Liquid Supply’ line, where some 
of the flow is diverted to ~001 the power lea&. The inlet kmpcrature is then measured by 
a carbon resistor before the fluid enkm a s&cooler. The liquid level in this subcooler in 
measured both by b di&ential pressure gauge’ and by a superconducting wire probee. The 
temperature of the mbcooled liquid is measured witb a helium vapor pressure thermometerd 
(VPT) and ib pressure is -ured by a warm pressure transducer’ whose tap ia afkr the 
nubcooler. In both magnet inkrcomect regions, where the transition ia made between the 
end boxes and the magnet, there are a germauiumf, a carbon glad, and a plstimm+ resistor 
for measuring the kmperature, and a cold pnssure transducer’. At the return end the 
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helium is directed back to the supply end box through the ‘Liquid Return line of the magnet 
cryostat. It then enters the supply end box where its temperature ia measured by a VPT, 
the pressure in measured by a warm pmmure transducer, and the mass flow is measured 
by a venturi tube. The venturi tube was installed at thin point due to space requirements 
inside the feed can. Some of the returning liquid is used to maintain the liquid level in 
the subcooler. The remaining helium passes through a Joule-Thomson valve and entera the 
magnet’s ‘Gas Return line. Pressure is measured at this point by an inexpensive piezo- 
resistive bending beam pressure transducerj and the temperature ia measured by a carbon 
resistor’. The Euid then passes through the magnet and ia again turned around to pass 
through the magnet’s ‘20 K Shield’ before returning to the refrigerator. In this mode of 
cooling, this shield actually operates at about 4.5 K. The instrumentation in the feed can 
for the ‘20 K Shield’ is the name hs that used for the ‘Gas Return line. Instrumentation for 
the ‘80 K Shield’, which is cooled by liquid nitrogen, consists of platinum resistors at either 
end, aa well as a pressure gauge at the feed end and a Bowmeter at the return end, where the 
nitrogen ia warmed up by a heat exchanger and exhausted. 

SENSING DEVICES 

Preesure measurements were obtained using several different t,ypes of pressure transducers. 
In the locations where high accuracy wbs required, bonded strain gauge’ transducers were 
used. Cold pressure transducers of the sputtered strain gauge’ type were installed inside the 
magnet interconnect region to obtain readings with high time resolution. Although these 
transducers have a large cero shift between 4 and 300 K, their sensitivity is unchanged. They 
have an excellent time response because they are located directly in the fluid, with no inter- 
vening tubing. Delays introduced by the tubing connecting the warm pressure transducers 
meawre about 30 ms at the feed end and 15 1118 at the return end of the magnet. Using 
the cold pressure transducers, the leading edge of pressure pulses caused by quenching can 
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Fig. 1. Simplified flow rehematic ahowing locations of instrumentation. 
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be observed with resolution of about 2 ms, corresponding to a resolution of 0.3 m in the 
longitudinal origin of tbe quench. The signals from tbe pressure transducers are amplified at 
the test stand before being cabled into the control room. 

Meas flow of helium through the magnet is measured with a venturi tube nod differential 
pressure transducer’ combination. Turbine Bowmeters were ruled out due to planned quench 
testing of the magnets. Fast pressure rises, such M those expected when the magnet quenches 
would destroy these devices. 

Several di5erent types of resistance thermometers were used for various reasons having to 
do with range, accuracy, repeatability, and time response. These thermometers, za well as 
their ranges and reasons for wage are shown in Table 1. In the locations where high accuracy 
ie required, e germanium resistor and a carbon glass resistor are paired. There are two rewoos 
for this: the first reaon is redundancy; the other has to do with the accuracy and the e5ects 
of magnetic fields on these devices. An attempt is made to combine the best features of 
these thermometers and to compensate for their weaknesses. The germanium resistors are 
exceptional in their sensitivity, repeatablity, and time response, but are susceptible to the 
effects of magnetic fields. The magnitude of t,his effect is orientation-dependent. While a 
prototype of the system was being tested, it was possible to see a thermal oscillation with 
a frequency of 20 Hz with a peak-peak amplitude correspooding to 1 mK (excitation was 
10 microamperes). Tbe frequency of thii oscillation was made to change by altering the 
cryogenic configuration of the test stand in which this thermometer wbs installed. The carbon 
glass thermometer has good accuracy (approximately (LS accurate as a silicon diode at 4.2 K) 
and is not very susceptible to magnetic fields. The carbon glass thermometer can be cross- 
alibrated against the germanium thermometer in the absence of magnetic fields. Then the 
carbon glass thermometer can be used as the primary thermometer when there are magnetic 
fields present. 

Some of the resistance thermometers were initially calibrated et the factory from which 
they were purchased. All of them were mounted, packaged, and calibretedb*‘~8 at, the Fermilab 
Magnet Development Facility. After about a year of service (and five thermal cycles), oome 
germanium and carbon glass thermometers were recalibrated. The new calibration was found 
to agree with the original calibrations (including independent factory calibration) to within 5 
mK. 

The resistance thermometers are excited by a DC constant-current Bource. Depending on 
the type of thermometer used, the excitation current is 25, 6, or 1.5 microamperes. The 
current for all thermometers on a single current aowc.e rum io series through (L resistor at 

Table 1. Characteristics of Resistance Thermometers 

---l-- Carbon 2-200 

I 
Platinum I25-800 

Reoaons /or ybc 

Excellent stability - repeatability is 
fO.5 mK when thermally shocked 
between 295 K and 4.2 K 

Excellent time response 
Good stability - repeatability in 

f7.6 mK when thermally rhocked 
between 295 K and 4.2 K 

High sensitivity below 10 K 
Good immunity to magnetic fields 
Low cat 

Used to monitor cooldown and warmup 

7 
lufluenced by 

magnetic fields 
Small range 

--I 
Unstable with I 
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room temperature (designated RI) nod then through the thermometers. The resistor at room 
temperature, RI, hss voltage taps oo it. By knowing the value of RI and the voltage drop 
~roae it, the current through any thermometer in the chain is known. Four leads (made of 
twisted pairs of mangrain wire) from each thermometer are brought outside the crywtst and 
the connections to complete the current chain are msde externally. This allows thermometers 
to be bypassed in the event thst there is a short circuit or they become open-circuited. It aleo 
allows the electronics to be modular. Provisions for changing the direction of the current to 
meware the offsets due to thermal EMFs and contact potentials is provided by a mechanics1 
relay. This relay ceo be controlled either locally by a switch on the front panel, or remotely 
by applying a TTL level signal to a jack oo the front panel. To minimize noise pickup, The 
voltage drops across these thermometers are first amplified locally (see Fig. 2) at the test 
stand before being cabled into the control room (where they are measured by the readout 
equipment). These amplifiers have a low impedance single-ended output and the readout 
devices hew high impedsnce differential inputs. 

While the accuracy of the resistance thermometry measurements has not, been st~udied in 
detail, it is believed that the dominant ~)urce of uncerteinty comes from the stsbility of the 
amplifiers. These problems ten be minimized by rebuilding with higher grade components. 
Ao error in the gain of l%, due to thermal or temporal drifts over the approximately 1 month 
test,ing time of each magnet, corresponds to (LO error of shout 20 mK for the germanium and 
carbon-glass thermometers. The internal consistency of the measurements suggest that this 
is a reasonable estimate of the accuracy. Uncertainties from other eourca, in particular the 
calibration, are considerably smeller than this. 

Helium vapor pressure thermometers (VPTs) are used in two locations to check the Cal- 
ibrations of some of the resistance thermometers. The geometry of the VPTs are dictated 
by the absolute accuracy required and the warm volume of the system (tubing and pressure 
transducers). Because the absolute accuracy of strain gauge prarsure transducers is specified 
es a percentage of the full scale range, it is desirable to keep thii range w small aa possible. 
Since the maximum pressure for helium vapor in equilibrium with liquid ia about 227 kPa, 
the volumes of the system were chosen such that, the charging (warm) pressure of the system 
ia slightly higher than this. A large cold volume wea used for two r-one - to yield e large 
dynamic range, and M) that errors introduced by uncertainty io the warm volumes would be 
as small as possible. The volume of the bulb is 0.003 L, while the volume of the cold internal 
tubing in 0.009 L. The warm volume, consisting of tubing and cavities within pressure gauges 
and transducers in 0.971 L, including a 0.906 L ballast volume. The final charging pressure is 
265 kPa. The calculated time constant is about 0.17 seconds and the opersting range (corre- 
spading to the bulb being 10% full to 90% full) is from 2.2 K to 5.1 K. The primary error in 
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Fig. 2. Implementation of resistance thermometers. 
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reading the VPTs comes from the accuracy in the pressure transducers” used to read them 
md their associated electronice (0.05% of Full Scale Output). Using a pressure transducer 
with a range of 50 psia (340 LPa), the accuracy obtained in better than 2 mK. 

Table 2 B” mrnarhes the accuracy of the measurements. 

READOUT DEVICES 

The required measurements fall into two categories - those which must be done very fast 
(where absolute accuracy is not important), sod those which must be done with high accuracy 
(where speed is not, required). Since no readout device has the capability of high accuracy 
and great speed, it was decided to “ae two readout devices The fast readings are taken with 
a multichannel waveform digitizer” with 12-bit resolution (IO-bit accuracy). The memory 
in these modules is implemented M sets of ring buffers for each channel. AB the waveform 
digitizer is clocked, a pointer to the next memory location is incremented. When the point,er 
reaches the end of the ring buffer, it is reset, to point to the beginning. This cycle is repeated 
continuously until a ‘stop trigger’ is generated when a quench is detected. The waveform 
digitizer is configured (by a combination of jumpers and software) such t.hat it take a certain 
number of post-trigger samples when the stop trigger is received. By judiciously choosing the 
number of post-trigger samples, a number of pre-trigger samples C(LD be saved as well. 

A digital voltmeter0 (DVM) is used for the high accuracy readinge. Since most DVMs have 
at most, two inputs, it is impractical to “se several of these when there are large numbers of 
devices to read. Therefore, the signals are multiplexed through a -nerP. The scanner uses 
mechanical relays for switching so as not to degrade or corrupt the signal, and sequentially 
switches the signal to the DVM. 

Table 2. Accuracy of Measurements. 

Location 1 Measurement / Device Tvpc Accuracf 
611 mu I Power leads ( Temperature 1 Carbon resistor i.. --_ 

Magnet flow Flow Venturi / strain gauge 
Liquid supply Pressure Bonded strain gauge 
Liquid supply Pressure Sputtered strain gauge 
Liquid supply Temperature Germanium resistor 

>--- ------ Liquid supply Temperature Carbon plsss resistor 
Liquid supply Temperature Carbon resistor 
Liquid supply Temperature VPT / _ 

unknown 
0.375 psi (2.6 kPa) 
0.625 psi (4.3 kPa) 
20 mK 
20 mK 
Sfl mK 

bonded strain gauge 12mK I 
lid return I Pressure I Bonded strain pawe I 0.315 D.i 12~ Liqu 

Liquid return Pressure Sputt - I - kered strain gaupe 

Liquid return Temperature Germanium resistor 
Liquid return Temperature Carbon glass resistor 

I Liauid return I Temoerature I Carbon r&at& 

L ..-_- I 
- --_ 

I ----- r_. ,--6 kPa) 
1 0.625 osi f4. ~~~ ran ,-.3 kPa) 

20 mK 
20 mK 
WI mK 

Liquid return 1 Temperature 1 ‘I VPT I bonded strain gauge , ~~~_ 2mK 
I Gas return 1 PreMure 1 Piezweaistive on bending beam 0.25 psi .- (1.7 kPa) 

0 resistor 50 mK Gas return 
20K shield 
20 K shield 
80 K shit 

Temperature Carbon 
Preaaure Piero-resintive on bending beam 
Temperature Carbon r&&or 

0.25 psi (1.7 kPa) 
5OmK 

-- bending beam 0.25 psi (1.7 kPa) 
;n mK 

dd 1 Pressure 1 Piez*re&tive on I 
80 K shield 1 Temperature 1 Carbon resistor t- -I_ 

-Accuracy quoted for thermometcn are specitled at 4.1 K. 
Acmracy quoted for pnvum truuducvl are hm mnfactruu’s apeciEcationn. 
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The base of the readout system consists of a CAMA@ crate connect& to a VAXQ corn- 
puter through a CAMAC interface’. Both the DVM md the mcwmer are controlled by the 
computer through a GPIB’“*‘le’ interface which resides in the CAMAC crate. Figure 3 shows 
a composite of the kst stand instrumentation and the associated readout equipment. 

OPERATOR INTERFACE 

Meaaurementa of pressure and flow are provided to the cryogenic systems operator in two 
different ways. First there is a gauge panel on the teat stand with various prerisure gauge and 
flowmetem which can be read visually. Temperaturea at two locations can also be read visuallv 
using prwure gauges on the VPTs. All instrumented readings can be obtained from a second 
source. A cryogenic data acquisition program functions as a data server. It receives data 
requests from a separate data logging program which is controlled by timers implement,ed in 
software. There are separate timers for each of three data logging functions: logging data to a 
computer file, logging data to a printer, and updating a data display 011 a computer terminal. 
This display functions as the operator’s primary interface for high accuracy data. When a 
timer times out, it specifies the appropriate data request by setting bits in a common (global) 
event flag cluster. It then notifies the cryogenic data acquisition program that it wants data 
by writing a message to a shared ‘mailbox’. The requested data is then acquired and then 
stored in shared global memory. Completion of the transaction is signalled by a ‘Data Ready’ 
event flag. Finally, the data logging program collects the data from the shared global memory 
and perforrm the. appropriate logging function. Cryogenic data for the program which does 
the quench and magnetic measurements is obtained the same way. 

DATA SHARING 

Since the SSC project is a collaboration between Fermilab, Brookhaven National Labora- 
tory, Lawrence Berkeley Laboratory, and the SSC Central Design Group, it is useful to have 
the data acquired during measurements available on-line to all parties involved. This is easily 
accomplished with a nationwide network of VAX computers which use DECnet~ software for 

/ 
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Fig. 3. Composite of teat stand instrumentation. 
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transparent file transfers. Data are initially stored on the VAX at the Fermilab Magnet Test 
Facility. Prom there, 6lea can be copied to any computer 011 the network for special studies 
and analysis, and are instantly ave.ilable M the measurements proceed. 
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